^2 



O 



IP 



IN THE UNITED STATES PATENT OFFICE 




Applicant: Komatsu et al 
Serial No.: unassigned 
Filed: herewith 



Group Art Unit: unassigned 
Examiner: unassigned 



Date: October 29, 2001 
Docket No.: JP920000285 



For: Program Optimization 



SUBMISSION OF CERTIFIED PRIORITY DOCUMENT 



To the Assistant Commissioner of Patents: 



Enclosed herewith is a certified copy of the above-identified Application No. 2000-331427, filed 
in Japan on October 30, 2000, for which applicant claims priority under 35 U.S.C. & 1 19. 

It is requested that this be made part of record in the subject application. 



IBM CORPORATION 
Intellectual Property Law Dept. 
T.J. Watson Research Center 
P.O. Box 218 

Yorktown Heights, N.Y. 10598 
(914) 945-3255 



Respectfully submitted, 



By: 




(Reg No 35,082) 
Telephone:(914)945-3255 



ExpMailCert:EV00168801 IUS 
Date of Deposit: Oct. 29, 2001 



JAPAN PATENT OFFICE 



This is to certify that the annexed is a true copy of the following application as filed 
with this Office 

to m ^ b p 

Date of Application: 2 0 0 0^10^300 

to m # * 

Application Number. #0 2000-331427 



to m a 

Applicants): 



t ■ 



* rp ir s ir ^ mf £|L 

Commissioner, ^^H. w ' I fli^vT 

Japan Patent Office r I ~ " 




ffi|iE#-^ ffi$E# 2001-3057751 



#2 000-331427 



[Slf^] JP9000285 

CSfflB] ^12^10^300 

miBtmt&m gogf 5/oe 

[&ffixizmm] w&)\\m*mi$Tmm 1 6 2 3§ii 4 b#t^ • tr 

lizmxtzmffi] n^mm^mwrmm 1 6 2 3#ii4 0*7^ • t? 

[f$S!j#-5§-] 390009531 
[MA] 

100086243 

C»aa#-^3 100091568 

[ftlA] 

[»aij##3 100106699 

[#«±] 

[&&xiz&m urn. 



ffi|iE# 2001-30577/ 



#2 000-331427 
C»J##] 100104880 

[»J##] 100100077 

C^M^lfiS##] 081504 
[JW#^«3 21.000R 

i»S l 

m® i 

i 

[^fS^ttftS^] 9706050 
[^JS^fr^S^] 9704733 
[^fSStt^S^] 0004480 



2 



ffiil#2 001-305 7 751 



#2000-331427 



mm*] mmm 

?u ks<n?n%v>mmzizw smm^mmm^^m^izm^^xm^ 
mm(Dffimmfrft£&$ifr^izm^^zmbftr~mm<DMmmi ©tfr^awt 

[Sf^gm mmifritZftmTzxTvJit, mmm i tit, iff 

xm^nr^mommm i (d^iz^x. 4>&< t^^^-rti^—D^mmy^ 
>fZ\Lxx^2>m&iz. MfttfmzLLfcz.t.ztfi&v, mmm 2 (D&^iz&mz 

1 ffilE# 2001-3057751 



#2 000 — 331427 



m^me] Mmifr^iti&Mmzmfe-tzxTv-j&mz, 
mm^nt=.mmv^yiz^^mmm.M^(Dm^mw i ^Rm^t=.^u^^^ 



ffiH#2 001-3057751 



#2 000-331427 

i*5f&2©^£»C#i!fU 

m&m 8 ] mm? ^ ymmmt. 

^\zm^ zmftmmt. mmm^^M^^^wmiz^^mmm^^m 
m^\z%n? zmfrmm £*!&'<)&< . 

izm^^xm^nr=.mm^mmm2(D^^m-t^. 

if &m 7 &c IB <g <D n y A -Y =y „ 



ffifEff 2001-3057751 



#2000—33 1427 

3] iSfSH«a[fbastt, 

[fff^i 4] ^nm©y-X3- K&A*t5A*Sfi:, 

mmm =r - k tc^gs $ *i fe t&ia -? n ^zmn-tz t&mmm. mutiny 



ffi!E# 2001-3057751 



#2000—33 1427 

it 5 % 2 ©ifr <fr i: fc U , 

& 1 1" Z> =r > tf a - # f£« 0 
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I$Ci£ 1 : Scott A. Mahlke, William Y. Chen, Roger A. Bringmann, Richard E. 

Hank, Wen-Mei W. Hwu, B. Ramakrishna Rau, and Michael S. Schlansker, 
"Sentinel Scheduling: A Model for Compiler-Controlled Speculative Execut 
ion , 

ACM Transactions on Computer Systems, Vol. 11, No. 4, November 1993, Pag 
es 376-408 

[0 0 0 6] 

&£*&u z<Dmtfwm(D&mM&ifr^iz&^Tm®wiz.mffl2nz> 0 fit, 

■tf1&%t=.-frZ 3 ;fr£5iig-t£tft^te sentinel instruction^ m%nZ> a 
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z.<D'&m&ffix>i*. MT&^Mxmfrft^Mifr^zmm&iizx'T v v y 
i. #M^^«Ttg^^cov^T, ^mztizmzmmzmm^zifr^ (potenti 

al sentinel instruction) -5 „ 

T, ^JIR ll?;£#)£'ft#£^oT, &M&:|§-£M*tlft&sentinel instruction 
3. m?WKWifr%<Dm'& : $: V7 h ^xTtfl^i^it ^-sentinel instruction 
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I0l(DftS©^gii:UT, !fti¥l 2 - 0 2 0 3 2 O^temiZfflm 
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[0 0 10] 

mtm<Dmmizx.t,Z't&wtf*%i<\ z.<Dt=.&. j a v ar^EomM^)^ 
tt mm x* & n ti & <=> & v > -g- m t? §h iz& £ ti £ ^ n y ^ a { c *f -r & n > a -r ^ tc & 

[0011] 

j a v anmzmtLxzbiznMizmm-tz, 

X£Z> 0 fit, $J^> K^<Z)^f*^T-r-5i:M^lttM^$:^fflL^fM^ 
[0 0 12] 
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b#j&t* », ^n^5 a #t*#c ©no & u * w n e> * v ^. 

[0013] 

J a v at'lt ffi#l©S*^:4-:/S?x* h©7-f -;i/K-^©^*ffiLXtJP#$ 
a > -4 ;i/ $ ft s £ , z: ft h <z>IBf£ ttHW© #9* & & ffi f 3 ^ 

(a-K9i7) -^S«li:LT©M"ei6S. -fur? 

& * =e u mm icm&mg o t y , itit ^ £ ^srn ^ y l r=. tc &> tc 
#v^:7n^A<z>H3iv^cj: y> wmw^ x^m^.r=.mm^m^m^ l£ y 

[0014] 
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[0 0 15] 

^9 A {C £ V \ T -£ <D&i*ifi £ * £ g^tlT ^ £^mT*M#-#g£tf>^&! $: b 
[0 0 16] 

< & -5 © £ # ti -5 o 
[0 0 17] 

[0 0 18] 

Wl 2 - 0 2 0 3 2 0^?gK:f2«3tlfe«*Sffi'ett, Wf>#$8 
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£L&^h£lCteV:7 htfxTtf-A-'sy K^lt^ttS, LfrU ftlflt 

[0019] 
[0 0 2 0] 

[fgH£fl?&t-Sfc«>tf>3M&] 

«T |g fc £ W £ J®/* frJifft £ ftft f -5 3 £ # T*£ S . 
[0 0 2 1] 

[0 0 2 2] 



1 2 



ffi$E# 2001-3057751 



#2000—331427 



£ tft^ & f £ ^ 7- v rf £ ti . 
[0 0 2 3] 

z\z\x\ mttmz.it* ifrit(Dmfizw^xftt>n£ffi7£<D7 r - * <d * s\<d 

[0 0 2 4] 
[0 0 2 5] 
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[0 0 2 6] 

z&mLt=.mmmfa*. z\<Dny^a.-^^u^=yu^Bm-t^Bm.mun it 

[0 0 2 7] 

zfflffimizmmL. -juv^^nmmitikfionyAj^iz&^x, ^mn^oy 
mm*wm-t&>f : 7-7mm$h. mmztir=.z<D7^7iztevz>mn.*<z>{ti&m 

mK<Dm£&ftz&&Lf=.mi$izm2(Difr^{zm : T^. M^M^tffii^ 
*»o t=.m&izmw-m$L *s&ifr^zmf £ e> iz^mm^m^-t s z. t *mm. 

[0 0 2 8] 
[0 0 2 9] 
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[0 0 3 0] 
[0 0 3 1 ] 

[0 0 3 2] 

h^xTiciot^- KSti* .k^tcn - K©SE^&ff.5. fit, 



£ttl£#2 001-3057751 



#2 000-331427 



V^^V^^^•<D3>5 : •^^ hlZ&misTMft ZHffi-tZa ZL©<ke){C, =2>A-f^ 

[0 0 3 3] 
[0 0 3 4] 

1*5 <Z)lC&M+#&ifr^ fit, ft^X^&y^f&tiim 

[0 0 3 5] 
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It J a v a Sffi^5^i:o^t^t5. 1"^t)t>, M&fcOtt&T' 
&Z>zfU ^7A$: J a v a 7^2±£ U 3^/^78: J a v a CD Just In Ti 
me Compiler fcf -5 . It^ot, 01 {3f*|ll0W3>/M7 1 0 0 
te, J a v a/W ha- F©^T*SB^£4x£^n^A&A;dLTn>AM;b 

0 0i:bT, J a v a ©Just In Time Compiler Sifflfeir 

mznzz. nn&z> 0 mBL^^z\(D^y^=L-^mmit. 

vAcDMHcJ: >Ja>;H7l 0 0 £. LX&mmZMfi-r Z> £&IZ, ziysU^ 
i 0 0(c<fcU$$«ig=r- K{c^m^tifc^n^^A$:^f1-^ima (CPU) 

n&mTtz* zamy^^-zmmz. uyA^^ 1 o o zm^&^y 

[0 0 3 6] 

mi -&^mirz>h, *mm<w&m<Dnyji4^ 1 o o«, 00*1^3- f£ 

^Pioi:, EgoMcpW=r- FftM;i!P2 o iSMfgn- F£f£g(5 3 o t Zffi 
±SB*f£^C;i3^T, raoll^ran- F£f»l Of*, Java;Wh3 - FJg 



ffilE#2 001-3057751 



#2000—331427 



[0 0 3 7] 

A> K^^I^<Z)||^T'»#M$tl^VN 0 Ife^oT, ig^^ic^f 
3. #|§0J!te, J a v a^y ^^ifTti^VNiiS^^n-fe^-y-^^i: 

£ £®*-fc-f >t-*^X(C ££T ^-feXfc^ffl-tSWf* (ArraylndexOutOfBoundsE 
xception) T'&£ 0 -£3T% I2Mit-fX£-f >^X^ifc£^iy?-r6E£#tf> 

[0 0 3 8] 

J a v anmiZlStf2>U±(D!&m*:mmLX. J a v a-g-f§©M^^RTfg# 

i. j a v a^miz&v&mft*&m^zm&<Difc^m*mmLx. a-k^x 

h^xTlftlctf- K-f£ 0 a- K?x7M^#$!£t-3^i1^c^;j:^^£ 
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Mftft&^Mlfr^lZttLTm&MffiZftt~&<ft2>(DX% fflfrmZLSSmifr^lZ J: 
2. J a v a-g-f§CO^^^M^^#§^bfe^^e)^$:^fflb, n.-*f-fem<DW 

ft./\y F^iz#m?Zifr^£MKm£0k{*Z&ft?Zifr^£ZftML. i*^n 
> K 9 lc&##i£ "t £ 5: ^ P v * ft T? - o tc * * £ z h # T* £ 

?4>T- htf%tit^lZ&tfZ<0i<D3kft<D7 l'7 i J T- h»cJ:*^tt5fe) tc^-T 
[0 0 3 9] 

rected Acyclic Graph ; ^T> DAG^BSt") l/T^SJStl*. DAG0]|^ 
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[0 0 4 0] 

w#3B£ arte*-* ©a* mmn ^ n ^ a # ic##-r * *k&jrmm& & 

£ %tf^7(D? U 5 s - Y ^7;i/A°X (critical path) £:n¥,$* 0 Ife^ot, DAG 
[0 0 4 1] 

AG (Directed Acyclic Graph) IC^^If § D A G&J&3P 2 1 D A GMMab 
2 2t, DAG$:MWri3- K£M"t ESofficf»IS3 - K#£» 2 -3 

So 

DAG£j»2 Hi, 0oiWl3-KMl 0 1CJ: »J *lfclZ3oj|H# 
©WH^M^Sr^l^Ija (A*) T*:gbTV^ 0 
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DAG|gmgP2 2 it. DAGM2 1 IZ «fc *J tlfc D A G £ A* £ IT 

5*tf * »J , «*#£«Tffi**fca*»»c!&ff'*-S <fc o \z D A G (DMMZfi o . 
Egolflcfr^n- KfS£«S2 3 tt, DAGM2 2 ICJ: y^StlfeDAGS: 

So 

[0 0 4 2] 

MS Zmm-fZt. DAG|§ilg|S2 2 ti, DAGT'^nt^D^ 
[0 0 4 3] 

#ClC, DAG|imaP2 2«, M^lCJ:SIK^«tfj|!&(Z)j!gfP«Lai©«SStlfeDAG 
i©»atCJ:y, &MLt~MfrK> K9^©*fMH£#, ^*77^&«fflbfc 
[0 0 4 4] 

T^f^fcirr) #, ^l/^Y^T-h (predicate) tf£ifr^#||?T RTfgT'fro 

, fit, ttmT-*T9^vtf7v?j ^-htf^^^mmn-tzmmz 

(^r>)/73 0 4) „ 

ot§-£&, X^>y^3 0 1 ©M^lc<k^JiB^^©^MST'^$ti^f{|^ 



2 1 



HJiEW2 001-3057751 



#2 000-331427 



htf)fjtf Uf>^3 0 5) #»7Ufeft, DAG8I|feg|$2 2 ICfcS&JS&ifcT 
[0 0 4 5] 

04 tt, 03O^f*;^3 0 1 tcfe(t^^ici:^Jii^M^©^MS©PIIH 

mzz&ffi-r&t.. mftiz&&m&mm<D&ftmmizts^T, d agists* 2 

[0 0 4 6] 

<frf m£tcW#A> K9»c^#^«-rs^c £ leasers (x^y^4 

0 3) o 

[0 0 4 7] 

fiT^c DAG©Mt' c^-zfo&amfamzmz c*^ 
w^t' frt>m& v\fflmfo&omfom*:&2> uf^4 0 5) . 3 

[0 0 4 8] 
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lZMLXmg&&Zft 5tH£$frZWm-?2> Uf^4 0 7) . fit, ^ 
v#I![fEM£jf oT^6^-£\ DAGgg^P2 2li, D A G ©M/M^T*Ig,6 t 
fC&ff LT^£]I* p^P>]I^v^\J«^0|^j(Z)^|pIja$:^S (^f<y^4 0 8) 

[0 0 4 9] 
[0 0 5 0] 

#CiC, DAG|i»2 2^ D AG©JlR^f((^T']I^v(C^f lfc«»lt 

10) „ RMBtcLT, JH#Wi»T?]JCj& t K$fcfTbTVNS2Z&#»;i8K C*^^ 
411) . 3*ie><D#LJIlcj; y, M^^«Tlg^iC*f-r-5JiK^TO$:^ U^-f 

^f*;^4 1 lOW^TtSi:, DAGSlg|S2 2lt Xf^401C 

mmmmzmr^z Uf^4 0 2) „ 

[0 0 5 1 ] 

H5lt 0 3 tf)*-5^y ^3 0 2 lCfcttSMfl>A> 

0 5 £#JM-f3£, K^^<Z)^##tf£©V-^W&CfcV>T, DAG 

iflfcglS 2 2 £1*, M^C<^:^JlR^TO(^)^f^ra©^r^f£DAG(De)t>. JUS 

f«^5oi) o tit, *<D£ote3kft$-v$.<Dmc v c 2 ^#^-r-5^if 

Sr^ffWr-T* 5 0 2) „ 

[0 0 5 2] 
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MMOlcp c 2 ##£t-3#-£!\ DAGH*g|5 2 2 li, DAG<DM&ffl 

ffix-gkftftwc ^teMLx^zmMs (Duw&mzMVT, tkftftmc^x- 

[0 0 5 3] 

^f^5 0 5) . ?-i;Sftfc^«c 2 TJIJ:, TCCO^^c^^ff^tt 

fit, fffl^WMcp c 2 ##£L&^&fbtf, 
[0 0 5 4] 

fc^T. D AGiHimgP2 2te, 3- K^^rya-U>yftai^S:ff^, D 

AG±lcfeVNTM^I§^Rrig^i:I'J^McDr^©IR^S:^f<5 (Xrvzf6 o 

DAG©]Kj^JCS*OT*aiJa:«M^f?frt&fT^. 

[0 0 5 5] 

DAG«g^SP2 2te, WR##&5£U£DAG©S/&©e>*>, «*JCJ:S 
JE#ffllfo<B«fB&Jl (@3©^f'V^3 0 l&tf|g|4#m) fC^TMStfJl^T 

LTV^:Ej&p Uf7^6 0 2) „ 

[0 0 5 6] 

DAG«g^g|5 2 2 li, ^f-y^ 6 0 2 JCJ: »J&£*lfcD AGCDlRj^OJH 
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ti £ {c^ox^u^^^n^ 9 h ft ft v\hb##& -r if e> 

[0 0 5 7] 

7C * (7) y n ^ ^ A © JlB^TO # ^ £ ft ft w m j& t £ m& P © jffi##£1- 5 tft-^ 
, &tCDAG*B£SP2 2li. ^ftMttt^^nS^t <Z>#H£&lC 

^fy^6O4 0ffiI^»7tSi:, DAG»&aS2 2fcj\ ^f'^6 0 2C 
MU, DAG^CfeV^T^©J^f?*«^»fcSftftV^]K^t hHj^ptOffiSrag-r. * U 

SftS^tC*f-r**lfl|3- K<7)^&j^T-r-5 Uf^6 0 3) . 
[0 0 5 8] 

JK_fc©J:^tCL/TDAG»JfeSP2 2 IC J: S D A G©»^jMFT LfeU, E3affl 
*IH=i- 3*«»^©^«DAGS:lzgoffitfi|a=r- KtcM"*. fit 

[0 0 5 9] 

#cic, j a v a^n^A©^- K£*^tt-SJI#iftftlM^0»Jlcov>T 

itbt, @7 (A) iC^fJ a v a^a^AO^rr- K&*3*ft* 
-£-£#X.3 0 NuliPointerExceptiontf)-^ a- y ^7 H ^ x. T IC J; o Tff toft £ 

®7 (B) tC^-Tcfce)lC^$ft^ 0 

0 7&C&VNT, NULLttBB^J©NullPointerExceptionS:^fBt* Stftf^, LENGTH 
SB#!£>5£ SrWSiRfK SIZE&ArrayIndex0ut0fBoundsException£^ft^£^f£ 
&*to ego as* ran- KftaHt8P2 0©DAGM2 l (Cj: y, z.<Dzfu>f 
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[0 0 6 0] 

#CfC, egojfief»H=l- K*M-fb«P2 0<Z>DAG|gJfeg|S2 2 0 8JCaV*DA 

$J£^3S1-£<Z>T% SIZE^4r^^NULL#^C7)r^{CiliCTJ^^$>-5 0 ^<D£#>NULL 
tfHWC&# ^-5 LENGTH, SIZE, LOAD#SIZEi^{C#c# ^-^te^lCkS 

[0 0 6 1] 

@mz£2>mmmffi<z>mm®>m mzo>*^v7°3 o ist>*ni4#M) 

^#§£^ff<»m mcmii^vm-t) m^mmji-^y^\(D^m (chec 
mftft&ikm** (null) i*^n>^rtt* 

^ (CHECK) te, f^^^SrU^, % LM^##§£LTVa*U£, ^c©^n^^ 

fttfStS^ttfTfSS. M^£Wt§#^T*&£ LENGTH^ «, M^^^m# 
<fr (NULL) ICiotA'- F3*l<5. -T^s*)*., NULLf$H*#^#§££#£&mt- 

H-rs^htci U, NULL^^r lZ9cft~?Z>Sl ZE^iZ «fc £ JiR#$![#j £ ^ -T ^ £ tfi 7? 
[0 0 6 2] 
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T-t/'mm (H3©^f*;^3 0 2atfEI5$I) fcfy grille J: oT#£*l£ 
DAG fC^f = 

0 8 t09©DAGl:JtftSi:> 08©DAGT*te^ 'JfY*;i//U^8 
-»M *;i/T&o£#, ±ia<Z)raT*CHECK^^$:-Oji}&Df 53£ICJ; »J, HI 9 

fe#t«^PPT^-T= »H1 1,01 2 tCfc^T T*&£ D 
[0 0 6 3] 

$l£bT, 01 OlZm-tJ a v aya^^A^tfimn- KSrSJiffc-rs^lC 
oV\t#i5„ NullPointerException<Z)^-ai y 7 h i TIC J: o Tfrfrtl 

l±01O (B) iZ7jk-?£olzmZtlZ> B raoM^Wn- K*M§|5 2 0tf)DAG 
1 (C<fc y, royn^AOfifOlft&DAG^Lfe^Sgl 1 

[0 0 6 4] 

#ClC, E9o«tf»ran- K«jg-fbaS2 0tf)D AGHS2 2 011{C^D 
AG§:lBmt--5o 

01 1 (C^D AGiC&^T, £T <Z)?tif:tf> n X b £ 1 £ "T -5 il, Z.(Df^V 
■fS»£\ STORED lC£5ffiJ#Mte, ^&ST0REifr^C$fcfT^S£T©W#$8£ 

[0 0 6 5] 

01 l ic^-TD AG{:*fl, MfrK&zmfrfflffi&tmiWM (03©Xf>^ 
3 0 l&t>*04#M) R&mfrny K9^©*tt4H£©V-5?»JS (@3©^f 
7^3 0 2&t>*0 5#j}g) -Srff 3rtlCj:-oTf#£>*l£DAG£01 2 {C^-f. 
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[0 0 6 6] 
[0 0 6 7] 

(0 3©^^ >y^3 o 4&tf0 6 . Sf Ri, n-K* 

[0 0 6 8] 

sun m^con-K (013 (a) ) (c^fbT, t&mtemwn-Fzm^ 

t=.m* (013 (b) ) $:P^t§iT'$.l.„ Sl4tt, 013 {C^-Tn 

013(CfeVNT, T0Ttest«M^I6^^m#^-, test©ra^>T;i/7 T^>y h 
fcfg#lft&§(imK##&3 0 -T^t)t>, KH^/SAB^test (A) £ test (B) 
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